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ABSTRACT 
Road transport plays a significant role in various industries 
and mobility services around the globe and has a vital 
impact on our daily lives. However it also has serious 
impacts on both public health and the environment. In-
vehicle feedback systems are a relatively new approach to 
encouraging driver behaviour change for improving fuel 
efficiency and safety in automotive environments. While 
many studies claim that the adoption of eco-driving 
practices, such as eco-driving training programs and in-
vehicle feedback to drivers, has the potential to improve 
fuel efficiency, limited research has integrated safety and 
eco-driving. Therefore, this research seeks to use human 
factors related theories and practices to inform the design 
and evaluation of an in-vehicle Human Machine Interface 
(HMI) providing real-time driver feedback with the aim of 
improving both fuel efficiency and safety.  
Author Keywords 
Eco-driving, design, gamification, Human Machine 
Interface, in-vehicle system, road safety  
ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., HCI): 
User-Centered Design.  
BACKGROUND 
Road transport plays a significant role in various industries 
and mobility services around the globe and it has a vital 
impact on our daily lives. However it has serious impacts 
on both human health and the environment. According to 
the World Health Organization (2013), almost 1.25 million 
road fatalities occur each year around the world, with 
approximately 50 million more people injured in traffic 
crashes annually.  
In addition, the ever-increasing reliance on motor vehicles 
subsequently results in increases in gaseous and particulate 
pollution, which have severe health effects including lung 
and heart diseases. Indeed, a recent report revealed that 
approximately 7 million deaths per year are caused by air 
pollution, making air pollution the largest single 
environmental health threat on a global scale (World 
Health Organization, 2014). Therefore, reductions in the 
dependency on fossil fuels and in the extent of road trauma 
have been identified as urgent environmental and societal 
needs that need to be more seriously considered by 
scientific and technological investigators, research 
activities and industrial developments (ETRAC, 2014). 
Eco-driving interventions have been demonstrated as a 
cost-effective approach to reducing fuel consumption, but 
little research has examined its effects on safety. The term 
eco-driving is used to refer to a set of elements including: 
driving style, the way a vehicle is used,  number of times 
the vehicle is used, vehicle configuration and vehicle 
maintenance (Graves, Jeffreys, & Roth, 2012). However, 
eco-driving style is reported to have the potential to reduce 
fuel consumption of the existing vehicle fleet by 5-10% 
(Barkenbus, 2010). 
The present PhD research focuses on in-vehicle HMIs 
which can provide information and feedback to drivers on 
eco-driving, as well as safe driving.  This is an innovative 
project that has the potential to inform the Intelligent 
Transport System domain and make a significant 
contribution to improve road safety. The main challenge is 
to motivate eco-safe driving behaviour among drivers 
while minimising distraction.  
Indeed, changing driver behaviour is a complex, 
multidisciplinary challenge. This research is significant 
because it seeks to reduce road trauma, fuel consumption 
and emissions with a single intervention which has 
numerous public health benefits. It will design and 
preliminary testing of an innovative eco-safe in-vehicle 
system, aimed at maximising driver acceptance and 
minimising driver distraction, using social concepts and 
gamification principles. That is, driving performance 
feedback will be provided to drivers, both in terms of 
individual feedback to the driver, as well as the exchange 
of social persuasion feedback among other drivers via in-
vehicle HMI. Figure 1 illustrates a mock-up of such an 
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HMI approach using vehicle-to-vehicle (V2V) technology 
to convey messages regarding the eco-safe behaviour of 
other drivers.  
Figure 1. Social eco-safe augmented reality display 
RELATED WORK 
Relationship between eco-driving and safety 
An increasing amount of research conducted in the past 
few decades has revealed the widespread benefits of eco-
driving. Many countries have adopted eco-driving policies 
within the transport sector in a bid to reduce energy 
consumption and CO2 emissions (Alam & McNabola, 
2014). Research has revealed a range of behaviours 
associated with eco-driving, including: planning ahead to 
avoid unnecessary stopping; choosing moderate engine 
speeds and uniform control to achieve continuous speed; 
shifting to higher gears as soon as possible, using positive 
(but not heavy) acceleration; avoiding sharp braking; and, 
using engine braking for smooth deceleration (Young & 
Birrell, 2012).  
Prior research has also identified three broad factors 
associated with decisions to engage in eco-driving 
behaviour. These include: (i) strategic decisions (e.g., 
selection of one’s vehicle, vehicle maintenance); (ii) 
tactical decisions (e.g., route selection, vehicle loading); 
and, (iii) operational decisions (e.g., driving style) (Alam 
& McNabola, 2014). While all these factors are important, 
improving driving style has been shown to be a particularly 
crucial step to reducing fuel consumption and vehicle 
emissions compared to other decisions (Martin, Chan, & 
Shaheen, 2012).  
However, whilst many existing eco-driving practices may 
improve fuel efficiency, there is some evidence to suggest 
they may also compromise safety. Indeed, Symmons and 
Haworth (2003) have even suggested a negative 
relationship between fuel consumption and 
crashworthiness. A number of studies have identified 
various situations where eco-driving practices may 
compromise safety by increasing the likelihood of high-
risk driving behaviours (e.g., inappropriate speeds, 
reduced headway), which in turn increase the risk of 
collisions with other road users (vehicles and/or 
pedestrians), in particular rear-end collisions (Haworth & 
Symmons, 2001; Mark et al., 2011) 
There is a plethora of recent studies proposing independent 
strategies to address safety or ecological driving (Mark, 
Stewart, & Neville, 2011; Saboohi & Farzaneh, 2009). 
However, to the author’s knowledge, limited research has 
comprehensively integrated safety and eco-driving 
interventions. One example of a project that does integrate 
both aspects is the Foot-LITE project, which designed an 
interface that provides feedback on a number of eco-
driving and safety parameters (Mark et al., 2011). In 
addition, existing in-vehicle systems (e.g., mobile phone 
applications, heads-up displays) to encourage ecological 
and safe driving (eco-safe driving) are not rigorously 
informed by psychological and social theories, as 
evidenced by the general lack of user-centered system 
design in the field and subsequent issues associated with 
poor user acceptance. The current PhD research therefore 
seeks to design, develop and assess an in-vehicle advisory 
system to improve fuel efficiency and road safety, which 
also achieves high rates of user acceptance. 
Effective use of in-vehicle HMI on eco-safe driving 
Eco-driving systems providing feedback related to fuel 
consumption (e.g., manifold vacuum gauges fitted in 
vehicles) were first introduced in the early 1970s, after the 
first oil crisis, to improve fuel economy  (van der Voort et 
al., 2001). This technology has continued to develop, for 
example in hybrid-electric vehicles such as the Toyota 
Prius (1997) and the Honda Insight (1999), which included 
innovative dashboard displays (Barkenbus, 2010). Various 
in-vehicle devices and technologies continue to be 
developed to give eco-driving feedback to drivers and 
improve fuel efficiency, such as dashboard displays (e.g., 
SmartGauge, EcoAssist), heads-up displays and smart 
phone applications (e.g., Fiat Eco:Drive system and more).  
Evidence from current literature shows that eco-driving in-
vehicle systems have positive effects on fuel consumption 
and can improve fuel efficiency. Barth and 
Boriboonsomsin (2009) found that speed feedback via in-
vehicle dashboard displays can reduce fuel consumption 
by 10-20% depending on the context of the driving 
scenario. Similarly, reductions of 6.8% in fuel 
consumption have been observed when bus drivers 
received instantaneous feedback on their driving through 
in-vehicle eco-driving systems (Strömberg & Karlsson, 
2013). However, Haworth and Symmons (2001) advised 
that in-vehicle systems are not always safe to use if they 
cause distraction to drivers. Overall, the majority of eco-
driving systems have sought to maximize environmental 
benefits without considering potential safety outcomes and 
in most of the studies, the effect of safety has not been 
studied comprehensively, or in some cases at all. 
Therefore, it is important to look at driver behaviour in 
different driving contexts and highlight the parameters 
affecting fuel consumption and safety. 
Driver Acceptance of In-Vehicle Systems 
It may be argued that, to some extent, the potential benefits 
of in-vehicle feedback systems are contingent upon the 
degree that they are accepted by drivers, in regards to their 
perceptions of, among other factors, usefulness and 
usability. Overall, research has shown that driver 
acceptance is highly dependent on a driver’s attitudes, 
expectations and their experiences using in-vehicle 
systems (Adell & Varhelyi, 2014). Thus, in-vehicle 
systems will only be accepted if they are valued by the 
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driver and satisfying to use. Indeed, research has suggested 
that feedback can only advise, and will not necessarily 
stimulate sustainable ecological behaviour unless the 
driver already possesses a strong inclination to drive in an 
eco-friendly manner and perceives the in-vehicle feedback 
system to be effective (Shipworth, 2000).  
Social concepts to motivate eco-safe driving 
A large number of eco-safe driving behaviours are 
dependent on motivations, beliefs and cultural background 
of the driver, all of which are psychologically and socially 
complex issues. Social norms have been defined as “rules 
and standards that are understood by members of a group, 
and that guide and/or constrain their social behaviour” 
(Rakotonirainy, Obst, & Loke, 2012, p381). Therefore, it 
is important to investigate psychological and social 
concepts that motivate ecological behaviour, as well as 
taking into account the real needs of drivers, levels of 
acceptance and the usability of the system, from the 
preliminary stages of design and development. 
Consequently, any theory or model of HMI in the context 
of sustainable energy behaviour that fails to include social 
concepts could be argued to lack a critical element. 
RESEARCH GAP AND RESEARCH QUESTIONS 
A number of gaps in the existing literature will be 
addressed by the current program of research. For 
example, existing in-vehicle HMIs to improve eco-driving 
and safety typically provide advice on either eco-driving 
or safety issues, with few including both concepts in 
tandem. In addition, limited research has been conducted 
to explore the influence of social concepts (e.g., 
competition, cohesion) and social interaction in relation to 
in-vehicle systems. Considerably more work will need to 
be done to understand driver behaviour under 
technological instructions and ways to enhance drivers’ 
motivation to use the in-vehicle system using gamification 
principles. More information on user acceptance can 
facilitate a higher degree of optimisation in the design and 
development of in-vehicle systems and enhance the 
potential of using these technologies to promote 
environmentally friendly driving, reducing emissions and 
save human life. Taken together, this highlights the need 
for an effective in vehicle HMI that utilises social concepts 
and gamification to motivate eco-safe driving behaviour. 
This study will design and validate an in-vehicle HMI 
system design specifically to encourage eco-driving and 
safety. In addition, the system will support social 
interactions among drivers, such that it will incorporate 
gamification principles supported by cooperative systems 
to share social eco-safe cues among drivers. Moreover, 
augmented reality, which is a relatively new field, will be 
explored to convey social interaction in the vehicle. 
Specifically, the HMI will augment the driver's social 
perception by adding elements that improve motivation to 
use cooperative eco-safe systems. Gameful design, which 
influences people's natural desire for competition and 
achievement, will be used to improve the driver’s 
experience and engagement and motivate eco-safe driving 
behaviour. Therefore, the following hypothesis is 
formulated and will be assessed, “an augmented game-like 
social reality HMI will create a green and safe social norm 
interface which will persuade drivers to adopt eco-safe 
behaviour.” 
Consequently, this study aims to answer the fundamental 
question: how can an in-vehicle HMI make driving greener 
and safer? In the light of this the following research 
questions have been formulated: 
 What are the key eco-safe driving parameters? (RQ1) 
 What eco-safe parameters should be displayed to 
drivers in an in-vehicle HMI designed to improve eco-
safe driving and how and when should they be 
conveyed? (RQ2) 
 What features of the in-vehicle eco-safe HMI are most 
effective for motivating eco-safe driving behaviour? 
(RQ3) 
 How can driver distraction related to the in-vehicle eco-
safe HMI be minimized? (RQ4) 
 What is the level of driver acceptance, satisfaction, 
perceived usefulness and desire to adopt the in-vehicle 
eco-safe HMI? (RQ5) 
RESEARCH METHOD 
The primary objective of this research is to design an in-
vehicle HMI to promote eco-safe driving which uses 
gamification concepts to increase acceptability and also 
sustained use of the system in long term. In order to 
achieve this objective, three studies will be conducted. Due 
to the multidisciplinary nature of the research, the 
candidate will use a mixed-methods design consisting of 
both qualitative and quantitative approaches. Specifically, 
Study 1 involves a critical review of the literature, aimed 
at gaining a comprehensive understanding of the 
relationship between eco-driving and safety, as well as 
identifying the best practice principles associated with eco-
safe in-vehicle HMI systems to inform the subsequent 
studies.  
Building on the findings of the first study, Study 2 focuses 
on the design and development process, utilising both 
qualitative (i.e., focus groups, idea-creation workshop) and 
quantitative (i.e., driver survey) approaches to ultimately 
inform the development of a HMI system to be tested in 
Study 3. Finally, Study 3 involves a simulator study and 
before-after driver survey designed at comprehensively 
evaluating the effectiveness and driver acceptance of the 
system, as well as the distractive qualities of the system.  
Study Proposed Timeline 
Study 1: Critical Review Completed April 2015 
Study 2: HMI Design Oct 2015 – April 2016 
Study 3: HMI Evaluation June 2016 – April 2017 
Table 1. Research Timelines 
Overall, the rationale for this approach is threefold. Firstly, 
the critical literature review was important in order to 
understand the key parameters for eco-safe driving 
behaviour and to examine the current trends related to in-
vehicle HMI design. Secondly, user acceptance is critical 
for the success of any information system, and particularly 
so in the in-vehicle environment given that systems might 
interfere with the drivers wish not to be controlled. Thus, 
employing a user-centred approach and involving drivers 
in the design and development of the system helps to 
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ensure user requirements are considered as early as 
possible in this process. Finally, the importance of 
validating in-vehicle HMI in a real-world or simulated 
environment is critical to gain an understanding of its true 
potential, and thus evaluating system effectiveness and 
user acceptance in the CARRS-Q state-of-the-art driving 
simulator serves to reduce the risk of negative effects (e.g., 
driver distraction) in real-life driving situations.  
CURRENT SITUATION 
PhD candidature has recently been confirmed and is 
currently awaiting ethics approval from Queensland 
University of Technology. Based on the critical literature 
review conducted (Study 1), current best practice 
parameters associated with in-vehicle eco-safe HMIs were 
identified. The next step is to conduct user focus group to 
explore existing in-vehicle HMI and establish user needs 
by investigating (i) how users perceive existing eco-safe 
HMIs; (ii) what kind of difficulties they encounter; and, 
(iii) what are their ideas and motives for an optimal HMI. 
However, I am interested to explore how user requirements 
can be optimally used as input for the next study (idea 
creation workshop with designers) to inform the design 
and generate innovative designs based on users’ needs, 
concerns & motives. I would like to discuss these issues 
with the panel. 
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